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Plasma Temperatures and Electron Densities 
From Line Broadening Measurements 


THE BUREAU has evaluated a spectroscopic proce- 
e for determining the electron density and tempera- 
ture (if local thermodynamic equilibrium [LTE] 
exists) of dense plasmas. New developments in line 
|} roadening theory have indicated that this method can 
lead to good accuracy. Small amounts of hydrogen are 
aided to the gas entering the arc and the Hf line, ‘broad- 
ened by the interatomic ‘fields of the electrons and ions 
in the plasma, is recorded by a photoelectric spectro- 
ciaph. The profile of the experimental H@ line is then 
compared with theoretical curves to find the best fit. 
‘The theoretical curve provides the electron density from 
which in many cases the temperature can be calculated. 
This technique has been employed by J. B. Shumaker, 
Jr., and W. L. Wiese to determine the temperature of 
oxygen, nitrogen, and argon plasmas.' 

Plasma physics is a field of rapidly increasing impor- 
ance. Plasmas are encountered in many fields, includ- 
ing thermonuclear hydrogen fusion, astrophysics, jet 
and rocket engine development, and high temperature 
generation and research. To contribute to the basic 
understanding of plasmas, and to develop accurate 
methods of determining plasma properties, the Bureau 
is conducting a continuing research program. 

It had been realized for a long time that the width 
of spectral lines, broadened by the interatomic elec- 
tric fields of electrons and ions due to the Stark effect, is 
related to the electron density * of the plasma. How- 
ever, the lack of an adequate theory prevented 
application of this relationship to temperature deter- 
minations. Recent improvements in the theory of 
statistical Stark broadening * of the hydrogen Balmer 
lines have now made possible the reliable determination 
of electron density, and in many cases the temperature, 
of plasmas. 





generated in a wall-stabilized arc,* 


Plasma Generation 


The plasmas used in the present program were 
operating at currents 
between 50 and 100 amp. The hydrogen fraction was 
added directly to the gas entering the arc (in the case 
of nitrogen and argon), or by saturating the gas with 
water vapor at room temperature (in the case of oxy- 
gen). Periodic samples of the gas mixtures were taken 
and analy zed to insure constancy. 

The amount of hydrogen added to the plasma was 
about 2 percent. The concentration chosen was a com- 
promise between two conflicting factors: The low line- 
intensity resulting from small amounts of hydrogen; 
and effects on the properties of the plasma produced by 
higher hydrogen concentrations. 


Electron Density 


To determine the line profiles resulting from a partic- 
ular plasma, an image of the are was focused on the slit 
of a scanning photoelectric spectrometer. The spec- 
trum of the Balme +r H@ line was recorded, as this line 
is broad enough to permit accurate profile measure- 
ment, and its wings do not overlap with those of 
adjacent Balmer lines. Runs were made with combi- 
nations of hydrogen with oxygen, nitrogen, and argon: 
to locate the hydrogen line background, the spectra of 
these gases (O, N, Ar) without hydrogen were also 
recorded. 


In the range from 8,000 to 40,000 °K the line profiles 


depend almost exclusively on the electron density. 
Thus, by fitting the profiles obtained by experimental 
measurements with a series of profiles computed from 
theory, 


the electron density in the plasma could be 


Apparatus used to determine the electron 
density and temperature of dense are 
plasmas. A small amount of hydrogen is 
added to the gas entering the plasma gen- 
erated in the apparatus at the left, and an 
image of the are is focused by lens “‘A” on 
slit “B” of a photoelectric spectrometer. 
The line profile of the Balmer H@ line is 
recorded and compared with a series of 
theoretical curves to determine the elec- 
tron density. 
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determined. As good agreement between experimental 
and theoretical lines is readily obtained, measurement 
of only one characteristic of the experimental line, in 
this case the half-width, is sufficient to provide a basis 
for line comparison. 

This method can be used to determine electron den- 
sities accurate to 10 to 15 percent, whether or not the 
hydrogen concentration is known, and independent of 
the presence of LTE. The useful range of electron den- 
sities is limited to concentrations between 10'* to 10'* 
electrons/cm*. At lower electron densities Doppler 
broadening becomes a significant factor, and at higher 
densities the Balmer lines overlap. 


Temperature 


After the electron density has been obtained by the 
line-comparison method, the plasma temperature can 


be calculated by solving the plasma equations. To 
determine the temperature, however, the concentrations 
of the gases must be known, and LTE must prevai. 
Plasma temperatures determined with this procedure 
are in close agreement with those obtained from simu - 
taneous transition probability measurements, and ar= 
believed accurate to within 3 percent. Temperatures 
between 10,000 and 15,000 °K were obtained in the ax?s 
of the arc. 


*For further technical details, see Measurement of 
electron density and temperature in dense plasmas by 
application of line broadening theory, by J. B. Shumaker, 
Jr.and W.L. Wiese, 4th Symposium on T emperature—Its 
Measurement and Control in Science and Industry, 
Columbus, Ohio (1961). 

? J. Holtsmark, Ann. Phys. 58, 577 (1919). 

’ NRL Report 5455, by H.R. Griem, A. C. Kolb, and 
K. Y. Shen. 

* Arc source for high temperature gas studies, by J. B. 


Shumaker, Jr., Rev. Sci. Inst. 32, 65 (1961). 


Frustrated Total Reflection—Its Application to 
Proximity Problems in Metrology 


THE PHENOMENON of frustrated total reflection 
has been used by T. R. Young‘ and Bruce Rothrock of 
the Bureau to measure the film thickness existing be- 
tween a glass-metal interface. This technique, which 
has a theoretical sensitivity of 20-billionths of an inch, 
has been used to determine the proximity of a spherical 
surface to a plane. The errors in gage-block calibra- 
tion which may arise from wringing-film thickness will 
also be investigated by this technique. The latter ap- 
plication is of vital importance if the accuracy of cali- 
bration of gage blocks is to be improved. 


Theory 


When light approaches a glass surface from within 
the glass, there is an angle of approach beyond which 
all the light will be totally reflected. This angle meas- 
ured from the perpendicular to the surface is called 
the critical angle. For a glass-air interface the critical 
angle is approximately 41°. Thus the hypotenuse face 
of a 45 to 90° prism can serve as a totally reflecting 
mirror without reflective coating. 

From Newton’s time it was known through experi- 
mentation that light apparently penetrates a short dis- 
tance beyond the totally reflecting surface as it changes 
to its reflected direction. This experimentation was 
continued by many of the optical scientists of the past. 
In general, the experimental technique was to insert a 
second glass surface into the region of suspected pene- 
tration, frustrate the reversal of the flow of energy, and 
observe the resulting transmission of light through this 
surface. 

About 1902, Elmer Hall * applied Maxwell’s equation 
of electromagnetic wave radiation to the problem of two 
glass surfaces separated by a thin film with the angle of 
incidence on the first glass surface greater than the 
critical angle. He obtained equations showing the 
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quantitative relationship between observable effects and 
the variables of the system; such as the relationship be- 
tween transmission of light through the system and the 
film thickness. He was able to verify within his experi- 
mental limits some of the theoretical aspects of his 
study. 

Around 1950, Turner of Bausch and Lomb made 
practical use of this phenomenon in the development of 
the “frustrated total reflection filter,” an optical device 
to isolate infrared radiation. The feasibility of such a 
development could be predicted from Hall’s results. 

Hall’s analysis indicated certain characteristics of 
total reflection that might be used to advantage in 
wringing-film thickness measurements. His work 
showed that the energy very rapidly attenuates beyond 
the totally reflecting surface. The transmission of the 
second glass surface was found to depend upon its 
position in this region—thus a very sensitive relation- 
ship exists between transmission and film thickness. 
The present study was made to determine whether a 
similar function existed between reflectivity and film 
thickness for a glass-film-steel combination. 

Hall’s analysis also indicated that in the film region, 
the phase propagation of the electric and magnetic 
vectors is in a direction parallel to the totally reflecting 
surface. Thus this propagation would be perpendicular 
to the scratch depth of a steel surface wrung to the 
totally reflecting glass (or quartz) surface. The ques- 
tion arose as to whether this orientation would eliminate 
the effect of surface finish on reflectivity as in the case 
of conventional reflection. If it did, a measure of the 
reflectivity would indicate the proximity of the crests of 
the steel surface to the optically polished smooth sur- 
face of the quartz platen. 

One further conclusion of Hall’s analysis should be 
mentioned. It indicated that the radiation penetrating 
beyond the totally reflecting surface does not, in the 
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Figure 1. 


exact sense, have the form of light waves. The electric 
and magnetic vectors are not both perpendicular to the 
direction of phase propagation as in the case of light 
waves. Thus for systems involving frustrated total 
reflection, estimates of performance based upon light 
waves or rays are likely to be erroneous. It was ap- 
parent that a theoretical evaluation for the glass-film- 
steel system was required as a guide before a wringing 
film thickness measuring apparatus could be developed. 
Such equations were not available from the literature. 

The approach to the solution was to apply Maxwell’s 
theory of electromagnetic waves to the glass-film-glass 
case as did Hall, but to solve for the reflective amplitude 
rather than the transmissive amplitude. The solution 
was then modified by replacing the index of refraction 
of the frustrating glass material, wherever it appeared 
in the equations, with the complex index-of-refraction 
expression for metallic materials. The cases for 
polarization parallel and perpendicular to the plane of 
incidence * were considered. 

The solid curves in figure 1 show, for different angles 
of incidence, the derived theoretical relationships of 
reflectivity to film thickness of air between the surfaces 
of glass having a refractive index of 1.5. The abscissa 
indicates the film thickness in microinches and the ordi- 
nate represents the percentage of perpendicularly 
polarized mercury green light reflected. Curves for 
light having parallel polarization have the same form 
but exhibit slightly better sensitivity at larger angles 
of incidence. For instance, as the film increases from 
0 to 0.2 microinch the reflectivity of parallel-polarized 
light incident at 80° increases from 0 to 10 percent. 
The dotted curve represents the theoretical reflectivity 
of perpendicularly polarized light for the glass-film- 
metal case. In this calculation a complex index of 
refraction (ux) typical of steel was used: »=7(1-ia) 
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where the refractive index »=2.41 and the adsorption 
index a=1.38. Notice that the variation in reflectivity 
with change of film thickness is much reduced, being 
only about 12 percent for a change of film thickness of 
Su in. Because of its low sensitivity, this case has been 
investigated only qualitatively. 

Figure 2 indicates the theoretical relationship be- 
tween reflectivity and film thickness for the glass-film- 
metal case, assuming parallel polarization. The same 
complex index of refraction for steel was used. Char- 
acteristic features of these curves are the existence of a 
minimum and the change in location of the minimum 
with respect to film thickness. Also, the sharpness of 
the minimum changes with variations in the angle of 
incidence. Because of the minimum, the sensitivity of 
the relationship between reflectivity and film thickness 
is comparable to that of the glass-film-glass case. A 
measurement of reflectivity accurate to 1 percent would 
establish a film thickness of less than 11/u in. to ap- 
proximately 20 billionths of an inch. However, for 
some measurements of reflectivity, two possible values 
for film thickness would be obtained. For example, if 
at 85° incidence a reflectivity of 40 percent were ob- 
tained, the two possible solutions for film thickness 
would be 0.2 and 0.94 in. However, a measurement of 
reflectivity at 65° incidence would indicate the correct 
solution. Thus there is a possibility of employing the 
phenomenon to measure the wringing film thickness 
between a steel gage and a glass (or quartz) platen. 
This combination is often employed in measuring the 
length of gage blocks. 


Experimentation 


To experimentally verify the theoretical solution the 
arrangement shown in figure 3 was employed. A 
variable prism of glass of known index of refraction 
and an S.A.E. 52100 steel ball of 1 in. diameter were 
placed on the table of a spectrometer whose axis of ro- 
tation was inclined one degree from the vertical. This 
inclination held the ball against the glass surface with 
a pressure of 0.1 g. Collimated white light incident at 
angle 6 was filtered with a mercury green interference 
filter and plane polarized in a direction parallel to the 
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plane of incidence. The telescope of the spectrometer 
was replaced with a microscope having a 32 mm objec- 
tive and an approximately 10X filar eyepiece. 

A qualitative verification of the minimums shown in 
figure 2 was obtained from observation of the existence 
of a single elliptical ring surrounding the point of con- 


tact. As the angle of incidence was reduced the ring 
became larger and decreased in sharpness (fig. 2). As 
the angle of incidence was reduced beyond the critical 
angle of this ring became the first interference band 
of the usual interference pattern known as Newton’s 
rings. An example, the ring obtained at 45° inci- 
dence, an angle af total reflection a few degrees 
removed from the critical angle, is shown in figure 4. 


Results 


A quantitative determination of the film thickness at 
which the minimum occurs is obtained simply by meas- 
uring the major diameter of the elliptical ring. Using 
the sagittal equation approximation 


r=- R>2z, 


where y is 14 the major diameter of the ring, and R 
is the radius of the ball, one can determine the film 
thickness x, at which the minimum occurs. 

The table indicates the experimental and theoretical 
determinations of the film thickness at which the mini- 
mum occurs for different angles of incidence. In the 
third column the experimental result is reduced by 0.1 
» in. to compensate for the deformation of the ball and 
glass contact at 0.1 g pressure. The last column indi- 
cates the difference in microinches between the experi- 
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Figure 3: A spectromete 
converted to measure th 
proximity of a mete 
sphere to a plane glass sur 
face. The ball and 
prism are placed side-by 
side on a table inclined | 
from the vertical to hol 
the ball against the glass 
Collimated white light i 
filtered with a mercur 
green interference _filte: 
and polarized in a direc 
tion parallel to the plane 
of incidence before enter- 
ing the prism. Observa- 
tions are made through the 
microscope of the con- 
verted spectrometer (fore- 
ground), 


mental and theoretical result. The plus-minus values 
associated with the experimental results are the standard 
deviations of the measurements. They indicate pri- 
marily the ability of the observer to set a crosshair on 
the minimum ring. This setting is easier at larger 


angles of incidence because of the increased sharpness 
of the ring pattern. 





Figure 4: Single elliptical ring surrounding the point of 
contact between a steel ball and a glass prism. This 
particular ring was produced at an angle of incidence 
of 45°. 


NBS Technical News Bulletin 





th 
Wi 
th 
to 

re 


m<¢ 
va 
of 
ch 


be 
va 


mi 


ur 

ai 
in 
m 


te 
an 
we 


m 
fo 
th 
ta 
el 





rd 
ri- 
Qn 


of 
1is 
ce 


tin 


a 


Figure 5 


One other result of this test should be mentioned. In 
the theoretical determination no factor was used to 
compensate for the surface finish of the ball. However, 
agreement between theoretical and experimental values 
was essentially 0.1 « in. The predominant scratch 
depth of the ball was approximately 2 , in. This ap- 
parent independence from surface finish will be investi- 
gated further. 


Future Work 


To investigate the application of this phenomenon to 
the measurement of wringing film thickness, the ball 
will be replaced with a gage block wrung to the face of 
the variable prism. The microscope will be arranged 
to scan the area of contact and an area of the glass 
reflecting surface. A photomultiplier pickup will com- 


pare the reflectivity of the contact area with that of the 
glass reflecting area. Using the 100 percent reflectivity 
of the glass reflecting area as a reference, the reflectivity 
of the contact area will be determined. Knowing the 
reflectivity, the film thickness can be determined from 
tables or curves determined from the experimentally 
verified equations. Figure 5 shows such curves of 
reflectivity as a function of the angle of incidence for 
different film thicknesses of air expressed in micro- 
inches. The nature of the curves indicates that angles 
of incidence between 70° and 80° will provide the 
highest sensitivity in film thickness determinations. 


‘This article is a synopsis of a talk presented by T.R. 
Young at the Conference on Gage Block Research Proj- 
ects, held at the National Bureau of Standards, Wash- 
ington, D.C., March 1961, 

* Hall, E. E., Physical Review 15, 73, 1902. 

*The plane of incidence is defined as that plane con- 
taining the perpendicular to the totally reflecting surface 
and the direction of the incident light. 


6 Experi- Experi- | Theory |  Differ- 
mental « in. | mental cor- pw in. ences 

rection pw in. 

cio 5 6.7 +0. 4 6. 6 7.0 =| 0. 4 
45° 2.7 +0.1 26 2. 6 0. 0 
54° 1.2 +0. 1 3 1.0 +Q. 1 
65° 0. 60+ 0. 04 0. 50 0. 63 0. 13 


A NEW MICROCITE MACHINE 


for large scale information searching 


THE BUREAU has recently developed an electro 
mechanical searching device that has significant ad- 
vantages for information retrieval in large collections 
of documents. Developed by Joshua Stern, the ma- 
chine is based on the “microcite” concept ' and employs 
a special punched-card technique known as “peek-a- 
boo.” The simplicity of the design, together with 
various automatic features, makes possible decentral- 
ized search facilities so that the inquiring researcher 
may perform the search himself. 

The improved microcite machine was developed, 
under the sponsorship of the Department of Defense, to 
aid the Bureau’s instrument reference service in mak- 
ing information on instruments and control systems 
more readily available to Government and industry. 

The problem of effective retrieval of scientific and 
technological information has increased in importance 
and in difficulty in recent years. Much of the current 
work in this area is directed towards development of 
complex machines that will search a vast memory auto- 
matically and furnish the documents sought in a desired 
form. The high cost of such machines re quires that 
their operation be centralized and inhibits direct con- 
tact of the inquirer with the search in progress. The 
element of feedback, which can contribute much to the 
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effectiveness of a search, is difficult to incorporate in 
such centralized operation. 

The importance of feedback in the search process is 
illustrated by the familiar game of “twenty questions.” 
A few moments of consideration makes it clear that the 
great effectiveness of twenty questions in pinpointing 
information stems principally from the fact that each 
question is phrased after the answer to the previous 
question has been provided. This same advantage is 
inherent in the microcite machine. Here the researcher 
is at all times in control of the search process and i 
immediately informed of the nature of the information 
being discovered. 

A brief description of the peek-a-boo technique and 
microcite concept should aid in understanding the pres- 
ent development. The peek-a-boo technique uses 
punched cards each of which represents an index word. 
The positions of holes in the card identify documents 
pertaining to the index word. One search technique 
often referred to as the logical product is performed by 
superimposing the appropriate peek-a-boo cards and 
noting the positions of holes that remain unobscured by 
any of the selected cards. More complex logical opera- 
tions can also be performed. In the ordinary use of the 
peek-a-boo system, the position of a hole is interpreted 
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as a document serial number by means of a coordinate 
grid printed upon the card or upon a transparent over- 
lay. The searcher is directed by these serial numbers 
to a file (serial list) of citations and abstracts of the 
documents sought or to a file of the documents them- 
selves. 

The microcite concept eliminates this latter step by 
immediately providing the searcher with a microfilm 
image of the citation and abstract. Instead of reading 
serial numbers, the searcher views directly at each 
hole position a description of a document emerging from 
the search. In a preliminary model, microimages of 
citations and abstracts were reproduced on a film over- 
lay and read at the holes with the aid of a microscope. 
Such a procedure demonstrated the effectiveness of the 
microcite principle but would be relatively inefficient 
for large collections. 


Schematic of operation of the 
microcite machine. Operator 
places selected peek-a-boo cards 
on the illuminated easel at center 
of machine and manipulates two 
control wheels (either side of ea- 
sel). These, operating through 
simple cable linkage, (1) posi- 
tion two cursors so that their 
point of intersection falls over 
each illuminated hole in turn, 
and (2) rotate and translate the 
drum that carries the appropri- 
ate 18,000 microimage film ma- 
trix. A focused image of the 
citation-abstract corresponding 
to the hole is projected on the 
screen (at top of machine) in 
front of the operator. 
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Carol Vezzetti operates the improved 
microcite machine, an electromechan- 
ical information-retrieval equipment 
designed for a potential search capac- 
ity of millions of documents. ‘Peek- 
a-boo” punched cards are placed on an 
illuminated area in front of the op- 
erator. Selected abstracts are pro- 
jected on the screen. When desired, 
copies may be made by operating a 
lever, as Miss Vezzetti is doing. 


The new microcite is a tool that could search millions 
of documents. In its particular application, it has been 
designed for sets of 18,000-document peek-a-boo cards 
with corresponding abstracts for each set carried in a 
15-in.-square area of a sheet of photographic film—the 
matrix. In operation, the film matrix appropriate to 
the peek-a-boo set being searched is selected and 
mounted on adrum. The operator places selected peak- 
a-boo cards on an illuminated area of the machine and 
manipulates two control wheels to position a set of 
cursors on each illuminated—that is, unobscured—hole 
in turn. Turning the control wheels causes rotation 
and translation of the drum carrying the film matrix, 
so that as the cursor is set on each hole, a full-size 
focused image of the citation and abstract correspond- 
ing to that hole is projected on a screen in front of the 
searcher. 
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\s he proceeds, the searcher can obtain a copy of 
y of the abstracts he desires by moving a lever to 
ord the desired image on a roll of photosensitive 
per. Alternatively, he may note the serial numbers 
the documents or may cause the serial numbers to 
transcribed into punched tape or printed on paper 
ve. The electrically coded serial-number output that 
\l be available for this transcription could also be fed 
to a document-storage machine—such as are expected 
become available in the near future—which would 
ovide copies of complete documents in response to 
rial-number input. 


The immediate availability of the results is a power- 
ful aid to the searcher in allowing him to guide the 
search effectively. He can rapidly detect and adjust for 
such contingencies as misinterpretation of index terms 
by indexer and searcher, unanticipated interference 
from information of whose existence he was unaware, 
misconceptions about the volume of relevant informa- 
tion in the collection, and even modification of his 
interests as he acquires more and more information. 


* Microcite, an aid to more effective referencing, NBS 
Tech. News Bull. 41, 141 (1957). 


ELECTROLYSIS OF SIMPLE AMIDES 


TO OBTAIN fundamental data on electrode reac- 
tions occurring in organic, nonaqueous media and to 
apply these principles to the electrodeposition of metals 
from these solutions, the Bureau has investigated the 
products formed by electrolysis ' of formamides, aceta- 
sade, and propionamides. All the observed products 
can be assigned to one of two general classes—bis- 
amides of methane (C,,H.,N.0.) or bis-amides of 
methyl ether (C,H:,N.O;). 

Low molecular weight amides, which are stable 
organic materials, slightly conduct the electric current. 
Like water, they dissolve inorganic salts to form solu- 
tions which are more conductive. Products resulting 
from the electrolysis of simple amides are stable and, 
consequently, do not decompose into tarry substances 
as many organic compounds do. Most of the previous 
organic electrolytic studies reported in the literature 
have involved aqueous solutions—where the organic 
compound is present in smaller amounts than is the 
water. In the present study D. E. Couch ? of the elec- 
trodeposition laboratory investigated reactions occur- 
ring when a direct current is passed through organic 
solutions under relatively anhydrous conditions. 

The electrolysis of the N-methyl amides and of the 
N-N-dimethylamides was performed in glass test tubes 
placed in a water bath to maintain temperature at about 
35 °C. The electrodes, which received current from 
a 110-v d-c line, were of bright platinum spaced about 
1 cm apart in the test tube. 

Because solvents of higher molecular weight are poor 
electrical conductors, dilute sulfuric acid was added to 
some of the solutions in an attempt to decrease the 
electrical resistance. Resulting data showed that even 
limited amounts of dilute sulfuric acid caused a differ- 
ent reaction at the electrodes in some of these solutions. 

Electrolysis of the amides does not produce a single 
compound. In all cases where solid products were 
isolated, liquid products also formed. The amides are 
not reduced to their respective amines as expected, but 
produce condensation products containing two or more 
molecules of the starting material. Also, there occurs 
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a partial decomposition of the starting material. This 
finding is supported by the fact that nitrogen was 
found in the cathode gases during the electrolysis of 
N-N-dimethylformamide and that the final product 
contained three atoms of oxygen and two of nitrogen. 

Analysis of the products indicated that it is the 
groups or atoms attached to the nitrogen that enter into 
the electrolytic reaction, and that the methyl groups 
are more susceptible to electrolytic change than is 
hydrogen when both are attached to the same nitrogen 
atom. 

To establish the exact structure of the products, 
known derivatives of these products were synthesized. 
First the various products were hydrolyzed with sodium 
hydroxide into an amine and a salt of an acid. Then 
the sodium salt of the acid and the hydrochloride salt of 
the amines were used to prepare the derivatives, which 
were identified by melting point and other physical 
properties. Infrared spectra were utilized to deter- 
mine the presence of secondary and tertiary amides. 
In all cases except one—N-methylformamide—the al- 
kaline hydrolysis produced two moles of amine and two 
moles of acid per mole of compound hydrolyzed. 

A mixture of formamide and acetamide was electro- 
lyzed to determine whether formamide can be used as 
a solvent for the electrolysis of acetamide and to deter- 
mine the relative stability of the two compounds. The 
experiment showed that formamide is more easily 
changed by electrolytic action than is acetamide because 
most of the electrolysis products were formed from the 
formamide. 

As an application of this research, formamide was 
used to prepare a zinc bath from which zinc was suc- 
cessfully plated on a metal surface. The anhydrous, 
organic bath contained zinc acetate, potassium acetate, 
and formamide. Coatings of zinc as much as 0.008 in. 
thick can be smoothly deposited. 








* For further technical information, see The electrolysis 
of formamides, acetamides, and propionamides by D. E. 
Couch, J. Electrochem. Soc. (in press). 

* Present address: Bureau of Mines, Boulder City, Nev. 
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Type of tube used by the Bureau to gen- 
erate X-rays for instrument calibration 
purposes. The glass has been removed 
from the tube in foreground for greater 
clarity. Electrons emitted from a _fila- 
ment (inside metal jacket on left) strike 
a tungsten target (inside tube on right) 
and the X-rays generated pass through a 
beryllium disk and then through a rec- 
tangular “window” in the glass. Oil, en- 
tering from the far right, is circulated 
through the target structure to prevent 
overheating. 


X- AND GAMMA-RAY CALIBRATION 


Fifth in a Series on NBS Measurement and Calibration Services* 


THE RAPID GROWTH of atomic and nuclear tech- 
nology has increased the need for accurate measure- 
ments of radiation. 
making accurate measurements, the Bureau calibrates 
instruments for use as laboratory standards. 
done at present using a wide range of dose rates of 
X-rays produced at tube potentials from 20 to 250 kv 
and gamma rays from cobalt 60. A cesium 137 source 
will also be available soon for instrument calibrations. 

X- and gamma rays are being used in an ever-increas- 
ing number and wide range of industrial, scientific, and 
medical applications. Such uses include examination 
of large castings, treatment of cancer, and studies 
of the effects of radiation on various materials. In 
order that experiments carried out in one laboratory 
may be compared with those in another laboratory, 
there must be a common basis for measurement. 
Though its calibration services,! the Bureau provides 
laboratory standards which contribute to the accuracy 
of such comparisons. 


To assist users of instruments in 


This is 


Instrument Requirements 
d 


Instruments received for calibration are limited to 
those suitable for use as standards. At the present 
time, these instruments all use the ionization produced 
in a small air-filled cavity chamber of the instrument 
as a measure of the radiation. 
for measuring this ionization. In one type of instru- 
ment, the cavity chamber is separated during exposure 
from the rest of the instrument which contains the 
“readout” system. 


Two methods are used 


Before separation, the chamber is 
charged to a fixed potential as indicated by the readout 
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system. After charging, it is removed from the readout 
system for exposure to radiation for a timed period, 
and then reconnected for reading. The loss in charge 
due to ionization is indicated by a change in the readout. 

The other type of instrument employed as a lab- 
oratory standard is a three-electrode ionization chamber 
used in connection with a highly precise system for 
measuring very small ionization currents of the order 
of 10~'* amperes. This system ordinarily consists of 
an air capacitor which collects the charge from the 
ionization current during an accurately timed period, 
a vibrating-reed electrometer used as a null detector. 
and a precision potentiometer to measure the potential 
developed on the air capacitor. The accuracy capability 
of this type of ionization chamber and measurement sys- 
tem is somewhat greater than for the portable r-meter, 
but the apparatus is more complex and costly. A 
chamber system of this type is used for the intercom- 
parison of standards.” 


X-Ray Source 


The X-rays used for calibration work are generated 
by applying constant potentials up to 250 kv to oil- 
cooled industrial-type X-ray tubes with tungsten targets. 
The power input to the equipment is stabilized and auto- 
matic controls assist in holding the X-ray output steady 
within a few-tenths percent. The X-ray tube used with 
the low-energy standard (below 100 kv) has a beryllium 


*Previous articles have been: Calibration of Gage 
Blocks, Feb. 1961; Thermocouple Calibrations, Mar. 
1961; Calibration of Platinium Resistance Thermom- 
eters, Apr. 1961; and Calibration of Inductive Voltage 
Dividers, May 1961. 
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w dow to permit transmission of the longer wave- 
le «ths. Additional shielding material is placed around 
th tubes to reduce the stray radiation reaching the 
co ‘bration instruments. In the case of the 250-kv tube, 
t! . additional shielding amounts to 1% in. of lead and 
1. in. of steel. 

set of interchangeable lead portal diaphragms 
p mit limiting the X-ray beam to the diameter actually 
r juired. A shutter, consisting of a hole drilled in a 
| a.-thick lead block, is moved back and forth in front 
o! the tube portal by means of a pair of solenoids. The 
exposure time is controlled by the opening and closing 
of this shutter. 

‘adiation from the X-ray tube, composed of a wide 
range of wavelengths, is passed through metal sheets, 
called filters, to reduce the spectral width. (The longer 
wavelengths are differentially attenuated more than the 
shorter wavelengths.) These filters of copper and 
aluminum, or special combinations of lead, tin, copper, 
and aluminum are chosen for the particular kilovoltage 

| desired spectral range. The number of such com- 





Above: Roy DeLaVergne places an aperture which will 
produce an X-ray beam of preselected diameter (X-ray 
tube is within shielding at far left). In his right hand is 
a filter which will be placed in front of the aperture to 
shape the X-ray spectra. Right: Mr. DeLaVergne checks 
the standard free-air ionization chamber. In use, X-rays 
ionize a known volume of air between the walls of this 
chamber, and an applied potential sweeps ions to a col- 
lector plate (center of 3 plates) on the far side of the 
chamber. The charge collected in a known period of 
time can be used in computing a value in roentgens. 
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binations used for calibrations is limited, in order to 
assure use of the same quality conditions when subse- 
quent calibrations are made. 


Standard Free-Air Chamber 


X-ray beams used for instrument calibrations are 
measured with a standard free-air ionization chamber.* 
Such a chamber is designed to meet the requirements 
inherent in the definition of the roentgen, the unit of 
X-ray exposure dose. The Bureau’s chamber is made 
with parallel vertical plates of aluminum, spaced 20 
cm apart, and enclosed in a lead-lined box to keep out 
stray radiation. A tungsten diaphragm with an aper- 
ture diameter of 1 cm is placed at the front end of the 
box to define the narrow X-ray beam which passes 
along the axis of the chamber between the plates. A po- 
tential of 5,000 v, applied between the plates, separates 
the charged particles produced in the air and sweeps 
the ions of one polarity from a defined length of 
the air to the collector plate. To assure that this length 
is accurately determined by the collector plate, the lines 
of force along which the charges move must be parallel 
to each other and perpendicular to the face of the collec- 
tor plate. A system of guard plates adjacent to the 
collector, and a series of guard wires around the plate 
system, establish the required uniformity of field. 

As the roentgen is defined in terms of ionization for 
a given mass of air, the density of the air in the defined 
air volume must be corrected to the standard conditions 
of atmospheric pressure and temperature—760 mm 
mercury and O °C. Corrections are also made for 
other deviations from the defined conditions, such as 
attenuation of the X-rays by the air between the cham- 
ber diaphragm and collector plate; loss of ions through 
recombination; contribution from the Compton-process 
scattered photons; moisture content of the air; and a 
number of similar small corrections, the magnitudes 
of which have been. determined for the various condi- 
tions of use. 








The ionization current is measured by means of a 
circuit connected to the collector-plate, consisting 
essentially of a standard capacitor, a vibrating-reed 
electrometer, and a potentiometer. The ionization cur- 
rent flowing onto the condenser plates causes a change 
in potential which is registered by the electrometer. 
The magnitude of this potential change is read as the 
potentiometer voltage required to bring the electrom- 
eter needle back to its null position on the meter scale. 
The charge accumulated on the air capacitor during 
the timed exposure is determined from the capacitance 
and the change in potential. 





X-Ray Calibration Procedure 


Instruments submitted as laboratory standards are 
calibrated with X-ray beams measured by the Bureau’s 
standard free-air chamber, using a substitution pro- 
cedure. The X-ray beam is first measured with the 
free-air chamber, the point of measurement being the 
defining aperture of the diaphragm. The chamber 
being calibrated is then placed at this same point in 
the X-ray beam, after moving the free-air chamber 
aside, and measurements are made with it. Finally, 
the free-air chamber is again positioned and measure- 
ments made of the X-ray beam, to determine whether 
the beam intensity has remained constant. Corrections 
are then made to the measurements, to convert them 
to standard conditions of atmospheric temperature and 
pressure. 


Gamma-Ray Calibration 


Several gamma-ray sources, providing collimated 
beams covering a wide range of intensities, are used 
for the calibration of instruments. Two of the more 
frequently used sources consist of capsules containing 
cobalt 60, positioned below floor level within heavy 
lead shields. Above the capsules are cylindrical lead 
shutters which are rotated to permit a narrow gamma- 
ray beam to pass vertically upward through the shutter 
opening. A movable instrument support alined with 
one or other of the beams can be used to position the 
instrument at the desired distance from the source. 

The vertical gamma-ray beams are calibrated in 
terms of roentgens per hour by measuring the beam at 
many positions above the source, using a graphite, 
air-filled cavity ionization chamber. Proper considera- 
tion of the various parameters of such a chamber per- 
mit its use for measurements in terms of roentgens. 
One of the important factors is the stopping power (for 
ionizing particles) of the wall material of the cavity 
chamber compared to that of the filling gas. This 
ratio, dependent slightly on the energy of the radiation, 
is derived from various experimental investigations. 
The values of relative stopping power chosen for use 
with the Bureau’s cavity chamber for carbon to air is 
1.003 for cobalt 60 and 1.007 for cesium 137 gamma 
rays. 

The data from measurements at various source dis- 
tances in the beams have been used to develop an 
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J. T. Weaver attaches a 25-r ionization chamber to its 
electrometer for a reading after exposure. The chamber 
was attached to the meter, charged to zero scale reading, 
exposed to gamma rays, and re-read for a final value. 


equation which permits computing the dose rate at in- 
termediate points. The values must also be corrected 
for the decay of the radioactive material. Although 
this correction is valid over short periods of time, 
periodic checks are made with the graphite chamber 
to verify this. The chamber of r-meters submitted for 
calibration are charged to zero scale reading, posi- 
tioned at a preselected height above one of the sources. 
and exposed to the beam “for a time period that will 
produce a reading near midscale. As with the X-ray 
calibration, a correction factor is computed that will 
convert the instrument reading to the known value of 
the source. 

Two additional vertical-beam gamma-ray calibration 
ranges have recently been added to the facilities of the 
laboratory. These consist of tungsten- and _ lead- 
shielded source-housings, supported about 6 ft above 
floor level. Each provides narrow gamma-ray beams 
directed downward toward a 6-ft-deep lead-lined pit 
which acts as a beam trap to reduce scattered radiation. 
One of these units has about 1,000 curies of cobalt 60 
and the other, 2,000 curies of cesium 137. The higher 
dose rates of these devices are useful in the calibration 
of higher-range instruments. 


‘Test fee schedules of the National Bureau of Stand- 
ards (1961), available from the Office of Technical In- 
formation, National Bureau of Standards, Washington 25, 
DiC. 

* Report of the International Commission on Radio- 
logical Units and Measurements (ICRU) (1959), NBS 
Handbook 78, for sale by Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, D.C. 

* Design of free-air ionization chambers, NBS Hand- 
book 64 (1957), for sale by Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 25, 
D.C, 
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\ Standard for Measuring the pH of Blood 


TO INCREASE THE ACCURACY of pH measure- 
ments in the physiologically important pH range 7 to 8, 
the Bureau is recommending a pH standard ' for deter- 
mining the pH of blood. A phosphate buffer solu- 
tion, the proposed standard has a pH of 7.414 at 25 °C 
and 7.382 at 38 °C. These standard pH values, accu- 
rate to within +0.002 unit, will be useful to the re- 
search medical scientist, to the clinician, and to the 
physical scientist investigating acid-base behavior in 
the middle of the pH range. 

To discover the relationships that exist among physi- 
ological function, pathological condition, and pH, med- 
ical and biological laboratories have long studied the 
acid-base relationships in blood and other physiologi- 
cal fluids. Because many of these fluids are well buf- 
fered, the detection of any systematic variation of 
acid-base balance with physiological condition would 
be expected to require precise pH measuring equip- 
ment. Such equipment is commercially available in 
the form of the newer highly-sensitive pH meters with 
glass electrodes. However, these commercial instru- 
ments measure only a difference in pH and will yield 
useful pH data only if a suitable reference standard is 
available. To meet this need, V. E. Bower, M. Paabo, 
and R. G. Bates of the Bureau’s solution-chemistry 
laboratory developed the proposed standard. Their 
work results from a continuing program ® to extend 
defined pH values through the pH scale and over a 
wide temperature range. 

The new standard reference solution is prepared by 
dissolving 1.179 g (air weight) of potassium dihydro- 
gen phosphate and 4.303 g (air weight) of disodium 
hydrogen phosphate in distilled water and diluting the 
solution to 1 liter at 25 °C. The molalities of the two 
salts are respectively 0.008695 and 0.03043, and the 
ionic strength is 0.1. 

Standard pH values—which were derived from emf 
measurements—have been assigned to the reference 
phosphate solution at intervals of 5° from 0 to 50 °C. 
To avoid the theoretical and practical difficulties in- 
herent in the estimation of liquid junction potentials, 
emf measurements of cells without liquid junction were 
used, 

An arbitrary, nonthermodynamic convention con- 
cerning single-ion activity must be adopted when defin- 
ing pH. Because no one definition has been widely 
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accepted, useful comparisons of highly precise pH data 
from different sources have been impossible until now. 
However, Bates and Guggenheim * have suggested a 
simple, useful way of defining the activity coefficient of 
the chloride ion which is needed to assign standard pH 
values. This definition has recently been endorsed by 
standardizing groups in the United States and Great 
Britain. According to this proposal, the single- 
ion activity coefficient (Yc:) of the chloride ion in 
dilute solution is so defined that it closely approxi- 
mates the mean ionic activity coefficient of simple uni- 
univalent strong electrolytes in aqueous solution up to 
ionic strengths (I) of about 0.1. The exact relation- 
ship adopted is: 
-log Yoc=> Avi 
141.571 


where A is a constant of the Debye-Hiickel theory, 
the value of which depends on the temperature. 

With this new convention, standard pH values accu- 
rate to within +0.001 unit can be assigned to selected 
reference solutions with pH between 2 and 12. The 
ionic strength of these solutions should not exceed 0.1. 

The standard pH scale established by the Bureau 
several years ago is defined in terms of four fixed points 
which are obtained with standard reference solutions. 
These primary standards * were found to have a satis- 
factory degree of internal consistency.®° The values as- 
signed to the new pH standard for blood are also con- 
sistent with these four standards. Together, these 
standards define a pH scale which, though conventional, 
is practical, convenient, and useful. 


* For further technical information, see A standard for 
the measurement of the pH of blood, and other physio- 
logical media, V. E. Bower, M. Paabo, and R. G. Bates, 
J. Research NBS 65A (Phys. and Chem.), 267 (May- 
June 1961). 

* Standardization of the pH scale, NBS Tech. News 
Bull. 31, 138 (1947). 

*R.G. Bates and E. A. Guggenheim, Pure and Applied 
Chemistry 1, 163 (1960). 

*The materials from which the standard solutions are 
prepared are described in NBS Circular 552, Standard 
Materials. This Circular may be ordered for 35 cents 
from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C. Supplemen- 
tary insert sheets, which are issued periodically, are 
available upon request directly from the National Bu- 
reau of Standards, Washington 25, D.C. 

°R. G. Bates, Chimia 14, 111 (1960). 
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STUDY OF “MODEL” FIRES as small as 114 in. 
diameter recently has served at the Bureau to fcr 
additional basic knowledge bearing on effectiveness of 
chemical powders as extinguishing agents. 

In these experiments the relative extinguishment 
effect of various dry chemical powders was measured 
by means of model heptane fires of 114-, 6-, and 22.8-in. 
diameters. Results of the studies were discussed by 
T. G. Lee and A. F. Robertson, in a paper before the 
First International Symposium on Fire Research.' 

The need for further basic information on behavior 
and extinguishment of fires involving flammable liquids 
arises partly from transportation and storage of such 
liquids for defense purposes. And although this type 
of information could perhaps be obtained by starting 
and studying full-scale fires in these liquids, the cost 
of such experiments would be excessive and the hazard 
great. Hence the need for improved techniques for 
studying fires with models in the laboratory. 

In the studies one objective was to find a correla- 
tion between the extinction effectiveness of a powder 
and the size of the fire model. The studies also shed 
light on the way in which extinguishment is achieved, 
and provided information on the applicability of labo- 
ratory results to full-scale fires. 


Methods Used Studies 


The extinguishing agents used were sodium bicarbo- 
nate, potassium bicarbonate, potassium iodide, potas- 
sium oxalate monohydrate, and glass beads. With the 
exception of the beads, these materials were initially 
in crystalline forms. 

To improve their flow properties, 2 percent stearate 
(by weight) was added to the materials before grinding 





Extinguishment of a model fire in flammable liquid with 
dry chemical powder. The method shown was used for 
fires of 6-inch and 22.8-inch diameter, in studies of the 
extinction efficiency of various powders. 
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Small Models Aid Studies of Extinction of Fires 
Involving Liquids 


in a ball mill. Sieving and air elutriation method 
were used to separate the pulverized powders int: 
samples of narrow ranges of particle size between 5 an 
40 p. 

Samples of these graded powders were then applied 
to model fires at controlled rates to determine thei: 
fire extinction effectiveness. Effectiveness was define: 
as the minimum powder application rate required fo: 
flame extinction. 

In the initial experiments, the powder was placed in 
a salt-shaker type of dispenser. It was sifted from 
this container through the screen bottom by means of 
an electromagnetic vibrator. A cup was used to 
measure powder application rate, and a second cup 
contained the burning heptane fire. Both cups were 
of 114-in. diameter and were placed on a platform 
which moved them at a uniform rate through the 
powder cloud. The cloud either did or did not ex- 
tinguish the flame, depending on the conditions of the 
experiment. The equipment was enclosed in a box 
which permitted close control of ambient variables. 

Experiments with this equipment determined the rate 
of powder application (powder surface area per unit 
time) needed for extinction, as a function of the particle 
size. Results of at least 20 individual tests for each 
powder size sample were noted. These results were 
then analyzed statistically to determine the required 
application rate. 

Potassium oxalate was found to be more effective 
than potassium iodide which, in turn, was more effec- 
tive than potassium bicarbonate. Relatively high ap- 
plication rates for glass beads suggest that a thermal 
mechanism alone is not sufficient to explain flame ex- 
tinction by these powders. It appears that both the 
chemical nature and particle size of the powders in- 
fluence the required rate. 


Larger-Scale Studies 


In an effort to determine whether the results from a 
114-in. cup fire model, as noted above, are applicable 
on a larger scale, equipment and a method were de- 
veloped for powder application to larger fires. Under 
this method, the powder was carried by a serrated 
rotor from a hopper to a port fed with compressed air. 
The resulting air-powder mixture was fed next to a 
nozzle which produced a fan-shaped discharge, the dis- 
charge rate being governed by a variable speed motor. 
An infrared detector measured the time rate of ex- 
tinguishment. Two dispensers of the above type were 
constructed, one for the 6-in.-diameter model fire tub 
and the other for the 22.8-in. model. 

Fuel used was heptane floated on water, and the fuel 
tubs were filled close to the brim so that very little 
freeboard existed. A circular collar of roughly twice 
the diameter of the fuel tub was placed around the 
upper edge of each tub. This assisted in stabilizing 
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th burning process. The above equipment was used 
to measure the time required for extinguishment as 
w | as the effective rate of powder application. 
P ‘assium oxalate was found again to be the most 
e! ctive of all the powders. 

n all the above studies, data were presented show- 
in extinction time as a function of powder application 
r. ce expressed in terms of powder surface area per unit 
o time. Within the range of particle sizes studied, 
powder surface area seemed to be the best means for 
correlation of the data for a given material. The 
surface area per unit of weight of powder sample or 
specific surface, was determined from air permeability 
measurements. 

he data obtained make it evident that chemical com- 
position, powder particle size, and application rate, are 
all important in influencing the effectiveness of these 
extinguishing agents. 


Minimum Application Rates 


The table presents data on minimum application rate, 
in powder surface area per unit of time, required for 
extinguishment of fire sizes of 114-, 6-, and 22.8-in.- 
diameter, by the four dry chemical powders. Neglect- 
ing experimental errors, the ratio shown in this table 
for a given chemical should remain a constant for all 
fires, if the mechanism of extinguishment remains the 
same over the range of the fire sizes. The table shows 
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DIAMETER OF FIRE MODEL ,INCHES 
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Minimum effective rates of powder application for various fire 
sizes and powder types 


Minimum effective powder application rate Ratio of 











Fire | wane ; | pase 
diameter NaHCO; required as multiple of | application 
NaHCO; | that for: rate to fuel 
Sea Berea | consumption 
KHCO;3 | KI | K2C2.0,H.20 | rate 
| 
in. | ¢em?/sec | em?/ml 
1.12 | 68 21] 4.5] 4.9 | 8.7X10-3 
6.0 2, 100 2.6 | 2.3 | 4.2 | 9. 110-3 
22.8 | 25, 500 | £F) SF] 4.6 4.2X10-3 
40. 6* | 200, 000 |... ._. hd Riri stay e 6. 210-3 





*From data by Hird and Gregsten. 


that, with the exception of potassium iodide, such an 
effect was in fact observed. The latter material, how- 
ever, when applied to the 114-in. fire model, showed 
almost twice the effectiveness in comparison with the 
two larger models. The exact reason for this is not 
clear. Perhaps, in the very small model, the higher 
density and momentum of the falling particles of 
potassium iodide changed the effectiveness with which 
it could be applied and retained in the combustion 
reaction zone. 

The last column of this table presents the ratio of 
powder surface area application rate to fuel 
volume consumption rate. While this varies by a fac- 
tor of about two, it appears to indicate that no major 
change takes place in the mechanism with which the 
powder is active in controlling the fires. 

The graph (left) shows these data in slightly different 
fashion. Data for sodium and potassium bicarbonate 
powders on large outdoor fires 13-ft square, obtained 
by Neill * at the Naval Research Laboratory, as well as 
British data by Hird and Gregsten,* are included. In 
plotting their results, which were obtained with the 
use of square-shaped fuel areas, the diameter of the 
equivalent circular area was used. 

The general agreement of the data from these ex- 
periments is surprising, even more so when the differ- 
ences in powder application techniques are considered. 
The NBS data on the 6- and 22.8-in. fires were ob- 
tained with fixed dispensing equipment which 
produced a fan-shaped discharge covering the whole 
surface of the flammable liquid. The NRL data were 
obtained by manual operation of a portable extin- 
guisher specially fitted for the studies. The nozzle of 
the unit was oscillated in such a manner as to cause the 
powder to involve the whole fire area. The British 
data were based upon square fuel fires with 214-in. free- 
board and a longer preburn period. 

The above results appear to give evidence that the 
mechanism by which these fires are extinguished is 
not greatly dependent on the size of the fire, at least 
within the range of fire sizes explored. 


"Text of the paper, Extinguishment effectiveness of 
some powdered materials on hydrocarbon fires, is in- 
cluded in the NAS-NRC Publ. No. 786, The use of 
models in fire research (to be published; this publica- 
tion will be available from the NAS-NRC, 2101 Consti- 
tution Ave., Washington 25, D.C.). 

*The hydrocarbon flame extinguishing efficiencies of 
sodium and potassium bicarbonate powders, by R. R. 
Neill, NRL Rept. No. 5183 (Aug. 21, 1958). 

* Particle size and the efficiency of dry powders, by 
D. Hird and M. J. Gregsten, Fire Protection Rev. XIX, 
766 (Nov. 1956). 
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A STUDY at the Bureau has indicated that certain 
chemical fire inhibitors are significantly more effective 
when applied to the air around the flame, rather than 
to the burning fuel or to the center of the flame. The 
investigation has been reported on by E. C. Creitz of 
the fire research laboratory.* 

The increased use of high-energy fuels by the De- 
partment of Defense, and the ever-present problem of 
extinguishment of unwanted fires in buildings has em- 
phasized the need for improvement of presently known 
fire extinguishing agents and the development of new 
ones. Hence the current study. 

The study has been concerned entirely with diffusion 
flames—the type of flames produced in almost all un- 
wanted fires. Diffusion flames, of which match and 
candle flames are examples, are those in which the air 
and fuel are not mixed prior to combustion. With a 
candle, for example, the center of the flame provides a 
source of fuel vapor unmixed with air. Thus the main 
combustion process takes place on the edges of the 
flame where the gaseous fuel produced by the candle 
first encounters the oxygen in the air, to form the 
proper mixture. Premixed flames as typified by those 





Burner and part of apparatus used to study effectiveness 
of different fire inhibitors applied in different ways to 
various fuels. E. C, Creitz of the NBS fire research 
laboratory examines a small candlesized diffusion flame 
in the burner. One tube carries varying proportions 
of the inhibitor and the gas fuel to the burner. Another 
tube carries various mixtures of inhibitors and atmos- 
phere to the burner. 


122 





INHIBITION OF COMBUSTION REACTIONS 


produced by a Bunsen burner, in which the oxygen 
and fuel are mixed before combustion were not studied 
in this investigation. 

All the experiments in the current investigation were 
performed on small flames in the laboratory. Gases 
used for fuel were hydrogen, methane, ethane, pro 
pane, butane, and carbon monoxide. Inhibitors used 
were trifluoromethyl bromide and methyl bromide. 

Early in the investigation, an attempt was made to 
put out a natural gas flame by applying the inhibitor— 
methyl bromide—to the gas itself. It developed that 
the inhibitor would not extinguish the fire. Later, how- 
ever, when the inhibitor was applied to the air around 
the fire, the fire was put out. 


The conclusion that inhibitor applied to the air is 
much more effective than when added to the fuel was 
reached when it was found that if the inhibitor was 
applied to the fuel, extinguishment was achieved when 
the mixture was approximately 50 percent fuel and 50 
percent inhibitor by volume; and that on the other 
hand, when the inhibitor was added to the surrounding 
air, extinguishment occurred when the inhibitor con- 
stituted 2 to 3 percent by volume of the total resulting 
oxygen-nitrogen mixture. 

Investigation is still continuing in search of the 
reason for the great variance between results from these 
different methods of application. The results of this 
study suggest that perhaps the mechanism of inhibi- 
tion depends on properties of the intact inhibitor mole- 
cule rather than on decomposition products of it. 


Investigation Procedures and Results 


The diffusion flame used in this investigation burned 
on the end of a Pyrex glass tube of 7 mm outside 
diameter with 0.8 mm wall thickness. Flow rates of 
the various gases were controlled by calibrated flow 
meters. Flows of secondary air in the burner jacket 
were maintained high enough so that concentration 
changes caused by the flames were restricted to the 
immediate vicinity of the flame, and back diffusion of 
room air into the top of the jacket was avoided. 


Extinction of a diffusion flame may be affected by 
a number of factors, among them being the rate at 
which the fuel is supplied to the burner and the ve- 
locity of the secondary air past the flame. The latter 
effect was found to be relatively unimportant except 
at rather low or very high flow rates. So it was ig- 
nored. However, when the rate of fuel supply was 
too low for a given burner size, the flame would not 
burn; and conversely, when the rate was too high, 
lifting occurred and the flame tended to float off and 
be extinguished. Between these two extremes, an op- 
timum rate of fuel supply was determined for each of 
the halogenated inhibitors. Optimum rates for the 
various gases ranged between 100 and 360 cm*/min. 


In general, a set of conditions was established, and 
the inhibitor was added slowly, either to the fuel or to 
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tl » mixture supplied to the oxygen side of the flame, 

til the flame was extinguished. 

lhe high concentrations of the halogenated inhibitors 

1 this case, methyl bromide and trifluoromethyl bro- 
nide) required when added to the fuel itself can 
probably be attributed to failure of the molecules to 
s| rvive the combined effects of the reducing atmosphere 
aid pyrolysis to which they are subjected as they enter 
the reaction zone. It is believed likely that the inhibi- 
tion reaction takes place in some particular region of 
the reaction zone, which requires that the inhibitor be 
stable enough to reach the area where the reaction 
takes place, but not so stable that it cannot react after 
it gets there. 


Different Behavior With Carbon Monoxide 


The one exception to the results generally showing 
more effective inhibition on the oxygen side of the 
reaction zone occurred in the case of carbon monoxide 
diffusion flames inhibited by trifluoromethyl bromide. 
It appeared that these flames were extinguished by a 
very small amount of this inhibitor, applied from either 
side. The amount of inhibitor required was too small 
to be measured with apparatus available. It was esti- 
mated to be one percent by volume of the fuel rate. 
Extinguishment in this case seemed to be independent 
of the degree of oxygen concentration outside the re- 
action zone, again regardless of the side on which the 
inhibitor was added. 
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Above: Extinction of propane diffusion flames by tri- 


fluoromethy! bromide _| and methyl bromide © when the 
inhibitor is added to the atmosphere supplied to the 
flame. Flames burn in areas to the right of each curve 
and are extinguished to the left. Below: Extinction of 
propane diffusion flames by nitrogen A, trifluoromethyl 
bromide _|, and methyl bromide © when the inhibitor 
is added to the fuel. 
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Comparative Effectiveness of Compounds 


The present study has developed information point- 


ing to the possible importance of the ability of certain 
gases to capture electrons, in relation to their effective- 


Qualitative parallelism hetween extinguishing efficiency and 


dissociative resonance caplure of electrons 





Concentration 
for extin- Electron | Halogen 
Compound guishment | attachment! ion formed 
of peak | 
flammability | 
CH;I- 6. 1 | yes yes. 
CBrF; 6. 1 | yes yes. 
Ci. 3 6. 8 | yes | yes, 
CHBrF, 8. 4 yes | yes. 
CH;Br_ 9. 7 | ves | yes. 
CCIF.CCIF»_ 10. 8 | yes yes. 
Col. 11.5 yes yes. 
CCIF3 12.3 | ves yes. 
CF;CF3. 13. 4 | yes yes. 
CCIF,.. 14.9 | yes yes. 
C.F s_- 18. 1 | yes | yes. 
ile 20. 5 | ves no. 
CH;CL- Very high | no | no. 
CH,F_ Very high | no | no. 








Certification of Unsaturated Standard Cells 





ness as fire inhibitors. A list of some of the halogenate: 
compounds which are known to capture electrons i 
given in order of decreasing effectiveness as extil 
guishers in the table.2 Compounds in the lower ha! 
of the table are rather poor inhibitors and are know 
either to be strongly bonded or to produce no negatiy 
halogen ions in the mass spectrometer. The paralle 
between the yield of negative ions* by dissociativ 


resonance capture of electrons and efficiency as a flam: 
inhibitor for a number of these compounds is interestin; 


and appears worthy of further investigation. 


‘Inhibition of diffusion flames by methyl bromide and 
trifluoromethyl bromide applied to the fuel and oxygen 
sides of the reaction zone, by E. C. Creitz, J. Research 
NBS 65A (Phys. & Chem.), No. 4, 389 (1961). 

* Final report on fire extinguishing agents for the 
period Sept. 1, 1947 to June 30, 1950, covering research 
conducted by Purdue Research Foundation and Depart- 
ment of Chemistry, under contract with Army Engineer 
Research and Development Laboratory, Fort Belvoir, Va. 
Also contained in Engineer Research and Development 
Laboratory Report 1177, Interim Report on Vaporizing 
Fire Extinguishing Agents, by J. E. Malcolm. 

*For further information, see Selected positive and 
negative ions in the mass spectra of the monohalometh- 
anes, by Vernon H. Dibeler and Robert M. Reese, J. Re- 
search NBS 54, No. 3, 127 (1955); and Ionization and 
dissociation of the trifluoromethyl halides by electron 
impact, by Vernon H. Dibeler, Robert M. Reese, and 
Fred L. Mohler, J. Research NBS 57, No. 2, 113, (1956). 


Discontinued 


THE BUREAU has discontinued the certification 
of emf of unsaturated standard cells as of June 30, 
1961. An exception will be made for public utilities 
and other agencies having operations of such a 
nature as to require these services from the Bureau. 
This action is in keeping with the Bureau’s long- 
standing policy of discontinuing certain measure- 
ment services which become adequately available at 
other laboratories. The Bureau will continue, how- 
ever, to conduct referee tests or to undertake calibra- 
tion of unsaturated cells when special or unusual 
circumstances are involved. 

Standard cells submitted in the past to the Bureau 
for certification have fallen into two groups— 
saturated and unsaturated. The saturated cells have 
the better performance, and their electromotive 
force (emf) may be certified to 0.0001 percent. 
The unsaturated cells are used as working standards 
where the accuracy required is no greater than 0.01 
percent. The most prevalent use of unsaturated cells 
is by power companies and instrument calibrating 
laboratories as a reference emf with potentiometers. 

Within the past 5 years, the number of standards 
laboratories within private industry and the military 
services has increased greatly. Many of these 
laboratories have groups of saturated standard cells 
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that can be used to test unsaturated cells at the work- 
ing level. The increase in the number of such 
laboratories is reflected in the increase in the num- 
ber of saturated standard cells certified each year 
at the Bureau. Over the last 5 years, this number 
has increased from 100 to 600 per year. Part of 
the time previously spent in the testing and certifica- 
tion of unsaturated cells will now be allocated to the 
increasing number of saturated cells, and part of it 
will be devoted to basic research on saturated cells 
having greater stability and a lower temperature 
coefficient of emf. 

From inquiries directed to those having submitted 
unsaturated standard cells to the Bureau in the last 
few years, it was found that little inconvenience 
would result from the discontinuance of this service. 
Many laboratories equipped with the higher accur- 
acy saturated cells can provide the calibration of the 
unsaturated cells previously done by the Bureau. 
Calibration of saturated standard cells will continue 
to be provided by the Bureau. 

While the Bureau does not recommend, endorse, 
approve, or accept responsibility for the work of 
other laboratories, it can provide organizations re- 
quiring this calibration service with addresses of 
nearby laboratories offering such assistance. 
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Publications of the National Bureau of Standards 


Periodicals 


7 chnical News Bulletin, Volume 45, No. 6, June 1961. 15 
ents. Annual subscription: $1.50, 75 cents additional for 
reign mailing. Available on a 1-, 2-, or 3-year subscription 
asis. 

b sic Radio Propagation Predictions for September 1961. Three 
ionths in advance. CRPL-202, issued June 1961. 15 cents. 
\nnual subscription $1.50, 50 cents additional for foreign 
tailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A, Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 


$2.75. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 


Section D. Radio Propagation. Issued six times a year. An- 
nual subscription: Domestic, $4; foreign, $4.75. 


Nonperiodicals 


Bibliography of temperature measurement—January 1953 to 
June 1960, C. Halpern and R. J. Moffat, NBS Mono. 27 (1961) 
15 cents. 

Corrected optical pyrometer readings, D. E. Poland, J. W. 
Green, and J. L. Margrave, NBS Mono. 30 (1961) 55 cents. 
Ideal gas thermodynamic functions and isotope exchange func- 
tions for the diatomic hydrides, deuterides, and tritides, L. 
Haar, A. S. Friedman, and C. W. Beckett, NBS Mono. 20 

(1961) $2.75. 

Causes of variation in chemical analyses and physical tests of 
portland cement, B. L. Bean and J. R. Dise, NBS Mono. 28 
(1961) 25 cents. 

Thermal expansion of technical solids at low temperatures. A 
compilation from the literature, R. J. Corruccini and J. J. 
Gniewek, NBS Mono. 29 (1961) 20 cents. 

Publications of the National Bureau of Standards July 1, 1957, 
to June 30, 1960 (includes titles of papers published in out- 
side journals 1950 té 1959), B. L. Arnold, NBS Misc. Publ. 
240 (1961) $2.25. 

Technical Notes 

The following Technical Notes are available from the Office of 
Technical Services, U.S. Department of Commerce, Washing- 
ton 25, D.C. (Order by PB number.) 

A survey of computer programs for chemical information search- 
ing, E. C. Marden and H. R. Koller, NBS TN85 (PB161586) 
(1961) $2.25. 

Mean electron density variations of the quiet ionosphere—May 
3, 1959, J. W. Wright, L. R. Wescott, and D. J. Brown, NBS 
TN40-3 (PB151399-3) (1960) $1.50. 


Publications in Other Journals 


The absorption spectra of magnesium and manganese atoms in 
solid rare gas matrices, O. Schnepp, J. Phys. Chem. Solids 17, 
Nos. 3/4, 188-195 (1961). 

The Franck-Condon factor (q,/,--) array to high vibrational 
quantum numbers for the O, (B*S;—X°*=S{) Schumann- 
Runge band system, R. W. Nicholls, Can. J. Phys. 38, 
1705-1711 (1960). 

NBS—Source of American Standards, W. A. Wildhack, ISA 
J. 8, No. 2, 45-50 (Feb. 1961). 

lonospheric mapping by numerical methods, W. B. Jones and 
R. M. Gallet, Telecommun. J. 12, 260-264 (Dec. 1960). 

The activation energy for hydrogen atom addition to propylene, 
M. D. Scheer and R. Klein, J. Phys. Chem. 65, No. 375, 
375-377 (1961). 

Intramolecular rearrangements. I. sec-butyl acetate and_sec- 
butyl formate, R. Borkowski and P. Ausloos, J. Am. Chem. 
Soc. 83, No. 5, 1053-1056 (March 1961). 

Titanium (11) chloride and titanium (11) bromide (titanium 
trichloride and titanium tribromide), J. M. Sherfey, Chapter 
IVB, Sec. 17, p. 57-61, Book, Inorganic Syntheses, by E. G. 
Rochow (McGraw-Hill Book Co., Inc., New York, N.Y., 1960). 
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Science news writing, D. M. Gates and J. M. Parker, Science 
133, No. 3447, 211-214 (Jan. 1961). 

Integrated starlight over the sky, F. E. Roach and L. R. Megill, 
Astrophys. J. 133, No. 1, 228-242 (Jan. 1961). 

Elastomers for static seals at cryogenic temperatures, D. H. 
Weitzel, R. F. Robbins, G. R. Bopp and W. R. Bjorklund, 
Rev. Sci. Instr. 31, No. 12, 1350-1351 (Dec. 1960). 

The electromagnetic fields of a dipole in the presence of a thin 
plasma sheet, J. R. Wait, Appl. Sci. Research 8, Sec. B, 
397-417 (1960). 

New standards for the space age, A. T. McPherson, Astro- 
nautics 6, No. 1, 24-25; 50-54 (Jan. 1961). 

Near infrared atmospheric transmission to solar radiation, D. M. 
Gates, J. Opt. Soc. Am. 50, No. 12, 1299-1304 (Dec. 1960). 

Determination of crystallite size distributions from X-ray line 
broadening, A. Bienenstock, J. Appl. Phys. 32, No. 2, 187- 
189 (Feb. 1961). 

Correlation of visual and subvisual auroras with changes in the 
outer Van Allen radiation zone, B. J. O’Brien, J. A. Van 
Allen, F. E. Roach, and C. W. Gartlein, IGY Bull., No. 45, 
1-16 (March 1961). 

Are source for high temperature gas studies, J. B. Shumaker, 
Jr., Rev. Sci. Instr. 32, No. 1, 65-67 (Jan. 1961). 

The dependence of the melting temperature of bulk homopoly- 
mers on the crystallization temperature, L. Mandelkern, J. 
Polymer Sci. XLVII, issue 149, 494-496 (July 1960). 

Spiral patterns in geophysics, V. Agy, J. Atmospheric and Ter- 
rest. Phys. 19, 136-140 (1960). 

Iron (99.9°). G. A. Moore and T. R. Shives, Metals Handb. 1, 
1206-1212 (1961). 

The interfacial properties of polyesters at glass and water sur- 
faces, R. R. Stromberg, Soc. Plastic Engr. 15, 882-886 (Oct. 
1959). 

lonospheric absorption at times of auroral and magnetic pulsa- 
tions, W. H. Campbell and H. Leinback, J. Geophys, Re- 
search 66, 1, 25-34 (Jan. 1961). 

Some properties of new or modified excitation sources, M. Mar- 
goshes, Am. Soc. Testing Materials, Spec. Tech. Publ. 259, 
16-58 (1959). 

Seasonal and day-to-day changes of the central position of the 
S, overhead current system, S. Matsushita, J. Geophys. Re- 
search 65, No. 11, 3835-3839 (Nov. 1960). 

Hydrogen sulfide precipitation of the elements from 0.2-0.5 
normal hydrochloric acid, J. I. Hoffman, Chemist-Analyst 50, 
No. 1, 30 and 32 (March 1961). 

The mechanism of electrolytic deposition of titanium from fused 
salt media, W. E. Reid, J. Electrochem. Soc. 108, No. 4, 393 
394 (April 1961). 

Studies of elevated temperature corrosion of type 310 stain- 
less steel by vanadium compounds, H. L. Logan, Corrosion 
17, 109-111 (April 1961). 

Deep penetration of radiation, U. Fano and M. J. Berger, Proc. 
Symp. Appl. Math. XI, 43-59 (1961). 

Deposition of iron from salts of fluoro-acids, J. H. Connor and 
V. A. Lamb, Plating 48, No. 4, 388-389 (April 1961). 

Calculation of properties of magnetic deflection systems, S. 
Penner, Rev. Sci. Instr. 32, No. 2, 150-160 (Feb. 1961). 

A simple low-temperature specimen holder for an X-ray dif- 
fractometer, D. K. Smith, Norelco Reporter VII, No. 1, 1l- 
12 (Jan.—Feb. 1961). 

Stepless variable resistor for high currents, C. R. Yokley and 
J. B. Shumaker, Jr., Rev. Sci. Instr. 32, No 1, 6-8 (Jan. 
1961). 

Microbalance techniques for high temperature application, R F. 
Walker, Book, Vacuum Microbalance Techniques, edited by 
M. J. Katz. I, 87-110, (Plenum Press, Inc., New York, 
N.Y., 1961). 

Investigation of bond in beam and pull-out specimens with 
high-yield-strength deformed bars, R. G. Mathey and D. 
Watstein, J. Am. Concrete Inst. 32, No. 9, 1071-1090 (March 
1961). 

Vacuum ultraviolet photolysis of ethane: Molecular detachment 
of hydrogen, H. Okabe and J. R. McNesby, J. Chem. Phys. 
34, No. 2, 668-669 (Feb. 1961). 


125 





Publications (Continued) 


Shielding calculations for civil defense, C. Eisenhauer, Health 
Phys. 4, No. 2, 129-132 (1960). 

Hydrogen atom reactions with propene at 77° K. Dispropor- 
tionation and recombination, R. Klein and M. D. Scheer, 
J. Phys. Chem. 65, 324-325 (1961). 

The effect of solvents on the y-ray radiolysis of methyl acetate 
and acetone, P. Ausloos, J. Am. Chem. Soc. 83, No. 5, 1056- 
1060 (March 1961). 

On the nature of the crystal field approximation, C. M. Herzfeld 
and H. Goldberg, J. Chem. Phys. 34, No. 2, 643-651 (Feb. 
1961). 

A study of auroral coruscations, W. H. Campbell and M. H. 
Rees, J. Geophys. Research 66, No. 1, 41-55 (Jan. 1961). 

The nature, cause and effect of the porosity in electrodeposits. 
VII. A microscopic examination of nickel-chromium coatings 
after atmospheric corrosion, D. W. Ernst and F. Ogburn, 
Plating 48, No. 4, 491-497 (May 1961). 

Physical quantities proposed for radiation measurements, L. S. 
Taylor, Proc. [Xth Intern. Congress of Radiology, July 23-30, 
1959 (Miinchen, Germany), 1301-1302 (1960). 

Improving rectifier circuits, G. F. Montgomery, Electronics, p. 
86-87 (April 7, 1961). 

Fracture characteristics of notched tensile specimens of titanium 
and a titanium alloy, G. W. Geil and N. L. Carwile, Materials 
Research and Standards (Am. Soc. Testing Materials, Phila- 
delphia, Pa.), 1, No. 1, 16-21 (Jan. 1961). 

The robustness of life testing procedures derived from the ex- 
ponential distribution, M. Zelen and M. C. Dannemiller, Tech- 
nometrics 3, No. 1, 29-49 (Feb. 1961). 

Absence of an isotope effect in the fractional recrystallization 
of alpha-p-glucose-/-t, H. S. Isbell, H. L. Frush, and N. B. 
Holt, Anal. Chem. 33, 225-226 (Feb. 1961). 

Application of graphs and Boolean matrices to computer pro- 
gramming, R. B. Marimont, SIAM Rev. 2, No. 4, 259-268 
(Oct. 1960). 

Comparison of national standards for roentgen measurement, H. 
O. Wyckoff, [Xth Intern. Congress of Radiology, July 23-30, 
1959 (Miinchen, Germany), 1315-1318 (1960). 

Environmental factors in a family-size underground shelter, 
R. P. Achenbach, Proc. Meeting on Environmental Engineer- 
ing in Protective Shelters, Feb. 8-10, 1960, Natl. Acad. 
Sci.-Natl. Research Council, Wash., D.C., 69-118 (1961). 

How to evaluate accuracy, W. J. Youden, Materials Research 
and Standards (Am. Soc. Testing Materials, Philadelphia, 
Pa.) 1, No. 4, 268-271 (April 1961). 

Improved standard for the calibration of vibration pickups, R. R. 
Bouche, Exp. Mech. 1-6 (April 1961). 

Absorption and scattering of photons by holmium and erbium, 
E. G. Fuller and E. Hayward, Proc. Intern. Conf. Nuclear 
Structure, 760-673 (Kingston, Canada, 1960). 

Introductory remarks, U. Fano, Conf. Coherence Properties of 
Electromagnetic Radiation, AFOSR-583, Report on Conf., 
31-38 (University of Rochester, The Institute of Optics, 
Rochester, N.Y., April 1961). 

Available heat sinks for protected underground installations, 
B. A. Peavy, Proc. Meeting on Environmental Engineering in 
Protective Shelters, Feb. 8-10, 1960, Natl. Acad. Sci.-Natl. 
Research Council, Wash., D.C., 69-118 (1961). 

Interpretation of the appearance potentials of secondary ions, 
M. B. Wallenstein and M. Krauss, J. Chem. Phys. 34, No. 3, 
929-936 (Mar. 1961). 

Observations on the chemiluminescent reaction of nitric oxide 
with atomic oxygen, H. P. Broida, H. I. Schiff, and T. M. 
Sugden, Trans. Faraday Soc. 57, No. 458, 259-265 (Feb. 
1961). 

Studies of the low-temperature distillation of hydrogen isotopes, 
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T. M. Flynn, Cryogenics 1, No. 2, 1-5 (Dec. 1960) ; Advances 
Cryogenic Engr. 6, 236-244 (196!). 

Inert enclosed pump for shaped flow of ultraclean solution 
M. W. Barnes and R. H. Noyce, Rev. Sci. Instr. 32, No. : 
353 (Mar. 1961). 

On some partial differential equations of Brownian motion of 
a free particle, A. Ghaffari, (Abstract) Proc. Intern. Conf. o 
Partial Differential Equations and Continuum Mechanics 
(Univ. of Wisconsin, Madison, Wis., June 7-15, 1960), 348 
350 (1961). 

Radiation protection standards, L. S. Taylor, Radiology 74, 
824-831 (May 1960). 

Atomic beam frequency standards, R. C. Mockler, R. E. Beehler, 
and C. S. Snider, IRE Trans. Instrumentation I-9, No. 2, 
120-132 (Sept. 1960). 

The development of more stable gage blocks, M. R. Meyerson, 
T. R. Young, and W. R. Ney, ASTM Bull. 1, No. 5, 368-374 
(May 1961). 

The power spectrum and its importance in precise frequency 
measurements, J. A. Barnes and R. C. Mockler, IRE Trans 
Instrumentation I—9, No. 2, 149-155 (Sept. 1960). 

VLF phase perturbation associated with meteor shower ioniza 
tion, C. J. Chilton, J. Geophys. Research 66, No. 2, 379-383 
(Feb. 1961). 

Departures from the Saha equation for ionized helium. I. Con- 
dition of detailed balance in the resonance lines, R. N. 
Thomas and J. B. Zirker, Astrophys. J. 133, No. 2, 588-595 
(Mar. 1961). 

Tests for regression coefficients when errors are correlated, M. M. 
Siddiqui, Annals Math. Stat. 31, No. 4, 929-938 (Dec. 1960). 

Electron diffraction studies on solid «-nitrogen, E. M. Horl and 
L. Marton, Acta Crystallographica 14, Pt. I, 11-19 (Jan. 10, 
1961). 

A comment on the NRL solar Lyman-Alpha results, J. T. Jef- 
feries and R. N. Thomas, Astrophys. J. 133, No. 2, 606-607 
(Mar. 1961). 

The nation’s electronic standards program: where do we now 
stand? H. W. Lance, IRE Trans. Instrumentation I—-9, No. 2, 
94-100 (Sept. 1960). 

Hard gallium alloys for use as low contact resistance electrodes 
and for bonding thermocouples into samples, G. C. Harman, 
Rev. Sci. Instr. 31, No. 7, 717-720 (July 1960). 

Scattering of photons by deformed nuclei, E. G. Fuller and 
E. Hayward, Proc. Intern. Conf. Nuclear Structure, 763-766 
(Kingston, Canada, 1960). 

Publications for which a price is indicated (ercept for Tech- 
nical Notes) are available only from the Superintendent of 

Documents, U.S. Government Printing Office, Washington 25 


25, 


D.C. (foreign poatage, one-fourth additional). Reprints from 

outside journals and the NBS Journal of Research may often 

be obtained directly from the authors. 

Patents 

The following U.S. Patents have recently been granted on 

NBS inventions and, except as noted, are assigned to the 

United States of America as represented by the Secretary of 

Commerce. 

2,978,658 April 4, 1961. Low Capacitance Power Supply. 
John H. Reaves. 

2,981,908 April 25, 1961. Cavity Resonator. Moody C. 
Thompson, Jr., Frank E. Frethey, and Donald M. 
Waters. 

2,982,106 May 2, 1961. Low Temperature Refrigeration Ap- 

paratus and Process. Ernest Ambler. 

May 16, 1961. Tape Method for Detecting Fatigue 

Cracks. Irene C. Minor and John A. Bennett. 

2,985,609 May 23, 1961. Aqueous Pressure-Sensitive Ad- 
hesive Composition Comprising Polyvinylalcohol 
and a Polyethylene Amine, and Method of Making. 
Karl F. Plitt. 


2,984,101 
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